Summary. Because of the central r61e postulated for Pertussis Toxin in the pathogenesis of whooping cough, and the well-established ability of this toxin to alter insulin and glucose levels in animal blood, a study of insulin and glucose levels in hospitalised pertussis patients and in controls was made. With blood specimens collected in heparin-fluoride anticoagulant, the geometric mean plasma-insulin level (1 3.3 pU/ml) in a series of 24 pertussis patients was slightly, but statistically significantly, higher than that (8.9pU/ml) in a series of 27 non-pertussis controls with other infectious diseases (p < 0.02). Portions of the same blood specimens collected in lithium-heparin anticoagulant yielded higher mean plasma-insulin values of 15.5 and 11.4 pU/ml respectively, with no significant difference between them (p > 0.05). Mean plasma glucose concentrations were not significantly different between the two groups, and hypoglycaemia was not detected in any pertussis patient. There were no statistically significant differences between pertussis and control children in the mean levels of plasma calcium, magnesium or phosphate.
Introduction
According to Pittman (1979 Pittman ( , 1984 , pertussis is a toxin-mediated disease in which the cardinal signs are produced by the component of Bordetella pertussis that is now known as Pertussis Toxin (PT) and which has been well-characterised biochemically (Ui et al., 1985) . Other names for PT are Histamine-Sensitising Factor (HSF), Leukocytosisand Lymphocytosis-Promoting Factor (LPF), Islets-Activating Protein (IAP) and Pertussigen, each term reflecting particular biological activities of the toxin in experimental animals or in man (Wardlaw and Parton, 1982) . For example, the IAP activity is responsible for hyperinsulinaemia in experimental animals (Ui et al., 1985) .
In man, the role of PT in the pathophysiology of the disease is not fully established. Nevertheless there is little doubt that, during an infection with B.pertussis, PT gains access to the circulation of the patient, because lymphocytosis (absolute or relative) is a well-recognised diagnostic sign (Walker et al., 1981) in the disease and can reasonably be attributed to this toxin. Regarding HSF activity, there is a report (Sanyal, 1960) , but also a denial (Pieroni et al., 1971) , of histaminesensitisation in children with pertussis. From the IAP activity of PT, it might be expected that plasma insulin would be elevated in pertussis; but no supporting data have yet been published. There is, however, the long-standing report (Regan and Tolstoouhov, 1936) of hypoglycaemia in children with pertussis-an effect which could have arisen from excessive secretion of insulin. The IAP activity could likewise be responsible for the attenuation of adrenaline-induced hyperglycaemia observed in pertussis cases by Badr-El-Din et al. (1976) . A slight, statistically significant, elevation in plasma insulin, without hypoglycaemia, was detected by Hannik and Cohen (1979) in healthy children given pertussis vaccine-which normally contains a small amount of active PT (Redhead and Seagroatt, 1986) .
The object of the present pilot study was to determine whether plasma insulin levels are significantly elevated in hospitalised patients with pertussis and, in turn, whether this is accompanied by hypoglycaemia that might contribute to the complications of the disease. We have, therefore, measured insulin and glucose concentrations in the plasma of pertussis patients and compared them with plasma from children admitted to the same hospital during the same period but suffering from other infectious diseases. We also measured calcium, magnesium and phosphate in the same samples, because a previous study (Regan and Tolstoouhov, 1936) suggested that blood constituents other than glucose might be altered in whooping cough.
Patients and Methods

Study design
The study (approved by the Glasgow Northern District Ethical Committee) involved 5 1 children, aged between 1 month and 3 years, admitted to the Infectious Diseases Unit at Ruchill Hospital, Glasgow, between January 1984 and March 1986. Twenty-four children were diagnosed (Walker et al., 1981) as having pertussis by the criterion of a typical paroxysmal cough and at least one of the following: (a) a whoop and a duration of 21 days or more; (b) a whoop and a pronounced lymphocytosis; and (c) isolation of B. pertussis from a pernasal swab. The remaining 27 children who served as controls were diagnosed as having an infectious disease other than pertussis. Patients with gastro-enteritis were excluded from the study because of their different dietary management. When a blood sample was taken for medical reasons from each child, either at admission or next morning, an extra 1-2 ml were taken for insulin and glucose estimation.
Because of ethical considerations we were restricted, with each patient, to a single specimen of blood whose timing could not be controlled. Therefore, we recorded the time interval between sampling and the last feeding. Each blood specimen was dispensed into three different anticoagulants (Sarstedt, 68 Boston Road, Leicester LE4 1 AW) : lithium-heparin, heparin-fluoride and EDTA (for leukocyte count). The fluoride-containing tubes were used primarily to preserve the glucose concentration where the separation of plasma might be delayed (although, in fact, all plasmas were separated within 2 h and stored at -20°C). Because we were uncertain about the best anticoagulant in samples for insulin assay, blood was also collected in lithium-heparin.
Biochemical determinations
Immunoreactive insulin (IRI) was assayed by the double-antibody method of Hales and Randle (1963) with antibody, 251-insulin and human insulin standard (kit from Amersham, UK) and membrane filters (N25/45/ UP, Oxoid). Glucose was determined enzymically with a Beckman Glu-2 Glucose Analyser ; calcium and magnesium were determined by atomic absorption measurements in a Perkin-Elmer 3030 spectrophotometer, and phosphate was assayed by the method of Chen et al. (1956) .
Statistical analysis
Plasma IRI values are approximately log-normally distributed and were, therefore, summarised as the geometric means with 95% confidence limits (Furman et al., 1981) . Plasma glucose values, which are approximately normally-distributed, were summarised as the arithmetic mean and 95% confidence limits. Statistical analysis of group-means by Student's t test was done on the logarithms of the IRI values and on the glucose data without transformation. Analysis of the calcium, magnesium and phosphate results was done as for glucose.
Results
Clinical observations
The 24 pertussis cases (12 m, 12 f) did not differ significantly in sex distribution from the controls (16m, 11 f) and showed a similar median age (7 and 9 months respectively) and range of ages (1-36 and 2-30 months, respectively). The times of blood sampling in relation to previous feeding were also similar in median (1 15 and 119 min respectively) and in range (1 5-3 15 and 10-450 min respectively). Of the 24 pertussis cases, 15 (62%) yielded B. pertussis from pernasal swabs, 10 had lymphocytosis as previously defined (Walker et al., 19Sl) , and 15 had a duration of at least 21 days. The two groups differed, however, in their duration of stay in hospital, the pertussis cases having a median of 11 days (range 0-24) and the controls a median of 6 days (range 2-13). Among the pertussis cases, the complications or superimposed illnesses were : cyanosis (7), convulsions (2), pneumonia (5), adenovirus infection (2), candidiasis (l), diarrhoea (4) and otitis media (1). None of the pertussis cases had been vaccinated.
Of the 27 non-pertussis controls, the diagnoses were : upper respiratory tract infection (8), bronchitis and bronchiolitis (€9, rotavirus infection (2), tonsillitis and otitis media (3), bronchopneumonia (l), candidiasis (l), scabies (l), "viral illness" (I), unexplained pyrexia (1) and mitral incompetence (1). Of the controls, 1 1 had been vaccinated against pertussis, 14 had not, and the vaccination status of 2 was unknown. The time between vaccination and admission to hospital was not known.
Insulin and glucose levels in plasma
The table presents the results of the analyses of plasma IRI and glucose in the specimens obtained in the two anticoagulants, heparin-fluoride and lithium-heparin. With both anticoagulants, the mean IRI level of the plasma samples from pertussis patients was higher than that of the control plasmas, but only with the samples anticoagulated with heparin-fluoride was this difference statistically significant (p = 0.017). The elevation of the pertussis mean IRI over the control mean IRI was 49% with the heparin-fluoride samples and 36% with the lithium-heparin samples, an average elevation of For comparing the two anticoagulants, results from both groups of patients were analysed by a paired-sample t test. The overall average IRI of the lithium-heparin samples was 24% higher than that of the heparin-fluoride samples, a difference which was highly significant (p << 0.01). The significantly elevated mean IRI level in the samples from pertussis patients was not accompanied by hypoglycaemia. Indeed, as shown in the table, the mean glucose levels in these samples was 7% and 5% higher (in the fluoride and lithium samples respectively) than in the controls-a difference that was not statistically significant. Paired-sample t test of the glucose levels in all the heparin-fluoride samples, compared with the lithium-heparin samples, showed that, unlike the IRI results, there was no significant difference due to the type of anticoagulant.
The mean levels of plasma calcium, magnesium and phosphate did not differ significantly between the pertussis and control groups. Respectively the means (in mmol/l) and 95% confidence limits for pertussis and control were, for calcium : 2.30 (2.17, 2-43) and 2.31 (2.1 1, 2.50); magnesium: 0.83 (0.79, 0.88) and 0.87 (0.64, 1.09); and phosphate: 0-042 (0.035,0.049) and 0.036 (0.032,0.04).
43%.
Discussion
This study suggests that plasma insulin levels may be slightly elevated in pertussis, but that hypoglycaemia, if it occurs at all, is uncommon, even in cases admitted to hospital. Ideally, completely normal infants should have been used as controls, but this was precluded by ethical considerations, as was the obtaining of a series of samples at defined times after feeding and after paroxysmal coughing. Apart from their specific illness, both groups had similar age and sex distribution, and similar food, and they had their blood samples taken over a similar spread of times since feeding. Thus we can tentatively attribute the slightly elevated mean plasma-insulin to pertussis. Recent pertussis-vaccination of some of the controls may have biased the study against demonstrating a more marked difference between the two groups. How- t Only 2 1 specimens.
1 Only 22 specimens.
ever, there were no significant differences, for any measured value, between vaccinated and nonvaccinated controls. An unresolved issue is the difference in measured insulin concentrations between the plasma samples collected in the two heparin-containing anticoagulants.
The modest hyperinsulinaemia seen in the pertussis patients was associated with a slight (nonsignificant) increase, rather than a decrease, in plasma glucose. This is in contrast to the results of our studies in B. pertussis-infected mice which have shown consistently both hyperinsulinaemia and hypoglycaemia (Pittman et al., 1980; Furman et al., 1981 Furman et al., , 1986 ). We do not know if the hyperinsulinaemia in patients with pertussis is mediated via the same mechanisms as those in mice. Hyperinsulinaemia in the mouse follows two patterns: an exaggerated plasma insulin response to feeding, and a qualitatively abnormal plasma insulin response to stress (Furman et al., 198 1, 1986; Sidey et al., 1987) . The latter results in a very marked, but transient, hyperinsulinaemia following exposure to stresses such as anoxia or ether. The possibility remains that in a small proportion of pertussis patients there may be a marked, but transient, release of insulin in response to either food or a coughing paroxysm but such hyper-reactive patients were not observed in this small series.
Our results differ from those of Regan and Tolstoouhov (1 936) who reported hypoglycaemia, and also lower plasma phosphate, in children with whooping cough. However, these authors measured the whole blood-sugar by a method that estimates total reducing sugar, rather than glucose specifically. A more important factor may be the much older children studied by Regan and Tolstoouhov (78% more than 36 months old) compared with those in our study (median age 7 months). Indeed, we have found that metabolic responses to PT are developed fully only in adult mice (Sidey, Wardlaw and Furman, unpublished observations) . In agreement with the present study, Badr-El-Din et al.
(1 976) found no relative hypoglycaemia in infants with pertussis. However, these authors reported a clearly impaired hyperglycaemic response to adrenaline, a condition seen also in the B. pertussisinfected mouse (Furman et al., 1981) .
The observations reported here suggest that PT released by B. pertussis during its growth in the human respiratory tract, in addition to causing lymphocytosis, may affect also the insulin-secreting cells in the pancreas. A notable feature of pertussis as a disease is the wider range in severity of
